Seepage lakes lacking surface-water inflow or outflow, but with surrounding peatlands, are important and vulnerable ecosystems with water budgets that depend largely on inputs from precipitation and groundwater discharge. We studied the sediment diversity in two such lake-wetland systems and their surrounding catchments. The lakes were located in relatively close proximity to one another within the West Polesie Transboundary Biosphere Reserve, West Polesie, East Poland. In spite of physiographic similarities, the studied lake-wetland systems and their catchments displayed considerable diversity in their underlying sediments. This was determined from data collected from several hundred geological boreholes and 164 determinations of the saturated hydraulic conductivity of the organic and mineral sediments (constant and falling head methods). Our research results showed that the functioning of a closed lake-wetland ecosystem is greatly influenced by the hydrogeological properties of its sediments. In the case of wetland zones surrounding lakes, especially closed-drainage seepage lakes, it is very important to identify the geological settings and the hydrogeological properties of those sediments in order to better understand groundwater influences.
Introduction
Understanding the direction and rate of water movement is important in researching catchments where lakes are surrounded by wetlands (Dembek and Oświt 1992) . Research on water inflow to lakes usually includes the determination of water exchange and hydrologically active zones (Cheng and Anderson 1994; Shaw and Prepas 1990; Hunt et al. 1999; Winter 1999; Hunt et al. 2003; Choiński 2007) . This is usually based on detailed analyses of surface and groundwater inflows and outflows (Sacks et al. 1992; Hunt and Krohelski 1996; Walker and Krabbenhoft 1998; Ojiambo et al. 2003; Stets et al. 2010 ). In the case of surface-water components of the water balance, studies often focus on direct precipitation to the lake surface and the intensity of surface runoff. However, assessment of the groundwater component is more difficult, but can be estimated through analysis of aquifer contact with the lake. According to Choiński (2007) , three types of interaction of groundwaters with lake waters exist: direct contact (when the aquifer contacts directly with lake water as a result of existing hydraulic gradients), inflow of waters under hydraulic pressure (usually in the lake bottom), and submerged spring mixing (Cieśliński et al. 2016) .
A case involves groundwater inflow to lakes surrounded by wide wetland zones. These lakes are in the last stage of succession and provide model subjects for understanding factors influencing the genesis and development of wetlands (Lange 1993) . Over time, the accumulation of matter in a lake basin results in its filling, and in the process, water is replaced by organic and mineral sediments. Water inflow to a lake that is being infilled with biogenic sediments is subject to transformation. The spatial distribution of particular hydrogeological zones within the infilling lake basin and its catchment affects the time of response of lake waters to precipitation, inflow from the surface and groundwaters, and the input of mineral and organic matter. In such areas, the extent and depth of the wetland zone within the basin does not constitute a hydrogeologically uniform layer -it includes both mineral and organic sediments with different capacities for hydrologic conductivity and accumulation.
Generally, in catchments where considerable areas between the water divide and the lake edge are occupied by wetlands (e.g., peatlands), sediment permeability can vary greatly (Gerla 1999; Krohelski et al. 2002; Beckwith et al. 2003; Ferone and DeVito 2004; Rudnick et al. 2015) . Research concerning the importance of wetlands in the water balance of closed-drainage lakes is limited, largely due to difficulties determining the contribution of groundwater inflow to lakes. This is particularly true of lakes surrounded by large areas of peatlands and gyttja. Shallow, small, and infilling (i.e., terrestrializing) lakes are areas where research on water inflow should be supported by a detailed analysis of the primary lake basin and the sediments filling it. Some studies (i.e. Townley and Trefry 2000; Smerdon et al. 2005) have examined the effect of groundwater on the water balance of lakes. An important aspect of this research has been determining the role of the surrounding wetlands in shaping the water balance. The identification of the hydrologically active elements of the lake basin, together with analyses of sediments and the semi-liquid sediments deposited on the bottom of lakes, is necessary for a detailed analysis of the zone of hydrological contact of lakes and wetlands. We explored the hydrogeological properties of mineral and organic deposits of two infilling lake basins and their catchments in the Łęczna-Włodawa Lake District of West Polesie, East Poland to determine whether water circulation is modulated between the lake catchments, the surrounding wetlands and the lakes themselves.
Study Area
This study was conducted in the Łęczna-Włodawa Lake District, constituting the westernmost fragment of a large European region known as West Polesie (Poland, East Europe). The area is characterized by a great number of lakes, marshes, meadows, swamps and lake complexes. The primary feature of the area is the occurrence of a near-surface groundwater table resulting from shallow deposition of impermeable sediments (particularly muds and clays). Such conditions determine groundwater circulation in lake catchments (subsurface flow) under the strong influence of the local atmospheric conditions (especially precipitation, temperature and evaporation). The lakes, together with the surrounding wetlands, constitute one of the most ecologically valued components of the landscape of Polesie, and form one of only a few groups of lakes in Poland and Europe located outside the margin of the ice sheet of the last glaciation (Vistulian glaciation, also known as the Weichselian). Due to its uniqueness, and hydrological and hydrogeological character, this area, including the two analysed lake catchments, was incorporated within the borders of the West Polesie Transboundary Biosphere Reserve in Poland, Ukraine and Belarus (Chmielewski et al. 2014) .
It is estimated that more than 80% of lakes in the Łęczna-Włodawa Lake District are surrounded by peatlands and gyttja (Turczyński et al. 2009 ). Thicknesses of the organic sediments can reach approximately 12 m. Diverse formations and sequences of layers within these peatlands and the surrounding lake-catchment suggest variable hydrologic conditions (Wojciechowski 1991) . Lake Czarne Gościnieckie and Lake Brzeziczno are located in the western part of the Łęczna-Włodawa Lake District (Fig. 1) . Both are distinguished their extensive wetland areas, as well as by their lack of surface outflow, stage of lake development (in final stage leading to transformation to wetlands) and low degree of anthropogenic influence. The entire West Polesie, including the two lake basins, were shaped by four Pleistocene glacial advances that resulted in a very high diversity of sediments, both in lithological and stratigraphic terms (Harasimiuk et al. 2002; Bałaga 2003) . Hence, the area is dominated by relatively flat accumulation and accumulation-denudational landforms. Both of the lakes are of polygenetic genesis. According to the latest study results, their development was influenced by tectonic factors and the hydrogeological specificity of the Upper Cretaceous massif (Dobrowolski 2006) .
Lake Czarne Gościnieckie
Lake Czarne Gościnieckie is the westernmost natural lake in West Polesie. It is a small closed-drainage lake approximately 12 ha in area, with a water surface at 150.00 masl. Its catchment to lake area ratio is 7.47 with a maximum depth and volume of 1.80 m and 130,200 m 3 , respectively. Lake Czarne Gościnieckie is distinguished by its surrounding peatland (25.5% of the total lake and catchment area), forest-covered catchment (57.1% of the total lake and catchment area) and lack of human settlement. Moreover, the 82.80 ha catchment of Lake Czarne Gościnieckie is one of the smallest catchment areas in the Lake District. Geologically, the catchment is dominated by sands and fluvio-periglacial muds that occupy almost 40% of the total catchment area. Underlying these sands and muds is a layer of hydrated silty sands that usually constitute the local aquifer. The basin of Lake Czarne Gościnieckie and its surrounding peatland is composed of peaty muds and transitional peats. The organic sediments show considerable diversity and vary in thickness from 0.1 to 12.1 m. Sedimentation of the lake basin began~13,000 yrs BP at the end of the Vistula Glaciation (Bałaga 2003) .
The lake is strongly overgrown, indicating that it is in the last stage of its transition to peatland (Michalczyk 1998) . Of the 1,310 m lake shoreline, more than 75% of its entirety is difficult to accurately delineate. The width of the wetland (i.e., peatland) belt surrounding the lake varies from approximately 10 m (eastern part of the shore), up to 460 m (south-western part) and occupies an area of more than 20.5 ha. The wetland vegetation is mainly dominated by sedges typical of transitional bogs, specifically an assemblage of slender sedge ( Caricetum l asiocarpae) and Ledo-Sphagnetum magellanicini. (Sugier 1998 ). The later is rarely encountered in Poland. Due to its high ecological value, the Lake Czarne Gościnieckie and its catchment were incorporated in the Natura 2000 network as a special protection area: BLasy Parczewskie^(PLB060006).
Lake Brzeziczno
Lake Brzeziczno, is also a small (approximately 8.3 ha, with volume of 111,800 m 3 , water surface at 168.10 masl and catchment-lake area ratio = 85.11), shallow (2.3 m) closeddrainage lake in the final stages of transformation to wetland (Turczyński et al. 2009 ). In elevation, Lake Brzeziczno is the highest-located lake in the region. Its basin is filled with a thick layer of organic sediments. Its 409-m shoreline is weakly developed making its accurate delineation difficult to nearimpossible (Turczyński et al. 2009 ). The difficulty in determining the lake edge results from the fact that the lake is, from 23°00 00" E 23°10'00" E 51°20'00" N 51°30'00" N The 706.4 ha catchment of Lake Brzeziczno is characterized by a forest-agricultural land use (forests 53% and arable land 30% of the total catchment area). The peatland, partially overgrown by European white birch (Betula pubescens EHRH) and Scots pine (Pinus sylvestris L.) occupies the area immediately surrounding the lake. The shores of the Lake Brzeziczno basin are made up of peaty muds that have formed an extensive flat area where a peatland has formed. The peatland is composed of various organic sediments (among others, peats and gyttjas), frequently interlayered with mineral formations. Sediment thickness varies from 0.1 m to approximately 8.5 m. On the eastern shore of the lake, shallow deposits of fen incorporating peat (maximum thickness of near 2.0 m) have developed. This fen area occupies approximately 15.6 ha and is the most frequently encountered type of wetland in this part of Polesie. Among mineral formations in the lakes basin and catchment, the largest area is occupied by lacustrine and fluvial sands (near 65% of the catchment). These sediments are composed of particularly fine-and medium-grained sands with fine gravels, interlayered with silty sands. Lake Brzeziczno is surrounded by a transitional and raised bog with an area of approximately 58 ha. The peatland is surrounded by a subcontinental fresh pine coniferous forest (Peucedano-Pinetum) and a Subatlantic fresh pine coniferous forest (Leucobryo-Pinetum) (Fijałkowski 1996) . In 1959, the lake, together with the surrounding peatland, was made into an 87.46 ha natural reserve due to its valued flora. The catchment of Lake Brzeziczno is also protected by its inclusion in the BPojezierze Łęczyńskie^Landscape Park and the CORINE Refuge BPojezierze Łęczyńsko-Włodawskie^and is considered an area of international importance within the ECONET-PL network.
Material and Methods
We determined the types, thicknesses and ranges of sediments at 464 locations within the two lakes (Czarne Gościnieckie -51, Brzeziczno -28) and their surrounding wetlands (Czarne Gościnieckie -117, Brzeziczno -119) and catchment areas (Czarne Gościnieckie -80, Brzeziczno -66) (Figs. 2 and 3). At each sample location, we used a spiral auger or Edelman hand auger to collect sediment samples to depths ranging between 0.1 and 12.0 m. In areas of unconsolidated bottom sediments, we used a Beeker's sampler for sediment collection. Collection of organic sediments was performed to the top of the mineral substrate, both on land and within the lake basin for the purpose of determination of occurrence of biogenic sediments and for the identification of organic sediments. Sediment type was determined based upon their dominant composition and physical properties using the macroscopic methods of Okruszko and Troels-Smith (Troels-Smith 1955; Okruszko 1976; Ilnicki 2002) .
The type of water movement, whether laminar or turbulent, was determined using piezometers via a modified test pumping method (see van der Schaaf 2004) . In sediments where water movement was laminar, hydraulic conductivity (k) served as the basic parameter for permeability. Sediment permeability was used to identify hydrologically active areas (Rycroft et al. 1975; Tiner 1999; Malinowska and Hyb 2004; Iwanek 2005; Jaros 2006; Rosa and Larocque 2008; Żurek 2010) . Such hydrologically active areas were later sampled via coring for detailed hydraulic conductivity analysis. In addition, selected piezometer monitoring of groundwater levels enabled us to produce a groundwater contour map for the lake catchments that revealed the directions of groundwater movement.
The hydrogeological properties of the sediments filling the lake basin and its shores were assessed using laboratory permeameter (Eijkelkamp, Netherlands). The laboratory permeameter allowed the measurement of saturated hydraulic conductivity (Ksat) of organic and mineral formations in the saturated state. We collected 100 cm 3 of undisturbed-structure sediments (using soil sample stainless steel ring sets), either from the ground surface or from hydrogeological corings (to 12.0 m). The material was then transferred to sample rings (of 5.0 cm height and 5.3 cm diameter, cross-section surface of the sample -constant value 19,625 cm 2 ). Two methods were applied to determine the saturated hydraulic conductivity (Ksat) of the sampled sediments (Rogoż 2012 ): a) measurement at a constant water level (constant head test) -this method was used in establishing Ksat in highly permeable formations (e.g. medium-grained sands), b) measurement at a variable water level (falling head test) -this method was used for medium and low permeable sediments (e.g. peats, peaty muds). If the samples were not subject to saturation after eight weeks (due to very low permeability), measurement could not be performed and the sample was assumed to have extremely low Ksat. The geological formation variability of saturated hydraulic conductivity conditions was determined based on the analysis of 76 samples (Lake Czarne Gościnieckie catchment), and 88 samples (Lake Brzeziczno catchment) of mineral and organic sediments taken from both the terrestrial and water part of the lake basins (in the period of ice cover on the lakes).
The potential for groundwater movement in the studied catchments was determined based on spatial analysis of hydrogeological parameters of particular sediments. The main groups of geological formations were ascribed mean values of Ksat measured in the laboratory.
Results
The results of our study showed that both of the lakesCzarne Gościnieckie and Brzeziczno -are currently closeddrainage lakes. The lack of stream inflows and outflows has eliminated a component of the water balance. Due to the flatness of the surrounding terrain, surface runoff does not play a considerable role in lake inflow. Water drainage in the catchments, however, is observed in situations when snow melting occurs on the frozen layer of the peatland. A complex system of drainage routes is particularly visible in winter periods, as the complicated hummock-hollow structure of the surface of the peatland forces the development of specific routes of meltwater transport (Iwanow 1953 , Frei et al. 2010 . However, such inflow was not measured during the current research.
The period of study (2009) (2010) (2011) had almost 22% higher annual precipitation totals than the long-term mean (525 mm; 1951-2000) in the Łęczna-Włodawa Lake District (Fig. 4 B1 and B2 ). In addition, frequent thaws, simultaneous with varied rainfall, occurred during the winter seasons. Our analysis of lake water-level fluctuation showed that this did not directly react to rainfall. Our data also showed that the groundwater tables in the organic and mineral sediments (in selected piezometres) essentially reflected the dynamics of the lake water levels, as these were characterised by an increasing trend, albeit with high monthly variability. We found that the shape of the shallow (quaternary) groundwater table of both lake catchments conformed, in general, to the surface topography (Fig. 4 A1 and A2. Measurements recorded in the Czarne Gościnieckie Lake catchment (mean value of lake water level -152.34 masl) showed that the top of the water table (about 70% of the total area of catchment) was at an elevation between 152.00 and 153.00 masl. Furthermore, outflow from this area was generally in the north direction, towards the Bobrówka river valley Fig. 4 A1) . In spring 2010, the mean value of the water level in Lake Brzeziczno (170.95 masl) was above that of the adjacent Lake Piaseczno, and the central and eastern part of the Lake Brzeziczno catchment drained to Lake Piaseczno, while the western part of the catchment drained to the neighbouring Lake Rogóźno catchment (Fig. 4 A2) . Towards the west, the groundwater divide was dislocated towards the east with reference to the topographic water divide. In the studied catchment, recharge (feeding) was possible only from the northern and southern divide zones. The complexity of the hydrogeology of both lakes is indicated in Fig. 4a . 
Hydraulic Conductivity
The saturated hydraulic conductivity determined by means of the laboratory permeameter showed very high variability, not only between particular sediments, but also within the same type of formation (Tables 1, 2 , Fig. 5 ).
The calculated mean Ksat in mineral formations occurring in the catchment of Lake Czarne Gościnieckie showed that many types of sediment have very low Ksat (muddy sands, muds with high amounts of fine sand) and may be considered impermeable layers. Other sediments, such as the variousgrained sands, had very high saturated hydraulic conductivity (Ksat =1.1·10 −3 m·s −1 ) ( Table 1) . Considerably higher variability in Ksat was observed in the organic sediments. The analysed peat samples, irrespective of their type, were distinguished by similar values of saturated hydraulic conductivity, varying from 1·10 −4 to 3·10 −4 m·s −1 . Gyttja sediments, however, showed a higher variability of the saturated hydraulic conductivity. This was particularly determined by the depth of location of the layer, its degree of hydration and its micro-vegetal content. The highest values of saturated hydraulic conductivity were recorded in the shallowest, usually strongly hydrated, algal-detritus gyttja (2.6·10 −3 m·s −1 ). In sediments of more compact algaldetritus gyttja, those with visible micro-vegetal remains had higher Ksat (2.1·10 −3 m·s −1 ) in contrast to those without micro-vegetal remains (2·10 −4 m·s −1 ). Compact and very compact algal-detritus gyttjas, usually located in the bottom layer of the organic sediments, had the lowest Ksat values (6.1·10 −7 -1.13·10 −6 m·s −1 ). In general, the carbonate loam had very low Ksat (Fig. 5 ) and could be considered impermeable. Carbonate loam was the deepest analysed sediments of the studied areas and the samples were not subject to saturation, i.e. they did not meet the requirements of the study. The hydrogeological parameters of sediment samples collected from Lake Brzeziczno and its catchment also showed high variability of saturated hydraulic conductivity, both within mineral and organic formations ( ), and some of the analysed samples were not even subject to saturation.
Our analyses of organic formations revealed considerably higher Ksat values in peat sediments, as compared to the gyttjas. The highest saturated hydraulic conductivities were recorded for weakly decomposed reed peats (Ksat = 1.3· 10 −3 m·s −1
) and moss peats (Ksat = 1.2·10 −3 m·s
−1
). The lowest saturated hydraulic conductivities were determined for sedge-reed peats (Ksat = 5·10
−5 -1.1·10 −3 m·s 1 ). Among algal-detritus gyttjas, the highest saturated hydraulic conductivity rate were observed for strongly hydrated sediments (Ksat = 2·10 −4 m·s −1
) and loose sediments with a high amount of visible vegetal remains (Ksat = 1·10 −3 m·s
). Gyttjas sampled from the bottom layers were distinguished by their very low saturated hydraulic conductivities (Ksat = 2.2·10 
Hydrogeological Parameters of Sediments
We identified sediments representative of six hydraulicconductivity classes (Table 3 ). This provided the basis for the determination of hydraulic-conductivity classes, and this approach is partially based on the method proposed by Pazdro and Kozerski (1990) . However, measured Ksat obtained for the same type of sediment in each catchment were frequently different (Tables 1 and 2 ). For example, sandy formations (fine, various grained) were classified to a group with very high permeability in the catchment of Lake Czarne Gościnieckie (Ksat mean = 1.1·10 −3 m·s −1 ), and to a group with high permeability in the catchment of Lake Brzeziczno (Ksat mean = 6·10 −4 m·s −1 ). Due to this, the analysis of potential conditions of water movement was conducted for each catchment separately, using the obtained values of saturated hydraulic conductivity specific to the catchments. The ranges of values for particular classes of hydraulic conductivity were identical for each of the studied areas (Table 3) : *the samples were not subject to saturation for 8 weeks carbonate loam (with sand) * carbonate loam (without sand) * *the samples were not subject to saturation for 8 weeks
The analysis of the permeability conditions of sediments for Lake Czarne Gościnieckie revealed that the surface layers of the analysed area were distinguished by their very-high permeability (Fig. 6) . The hydrated sediments of algaldetritus gyttja that fill the basin of the lake in its current state was categorised to the same class. High permeability was also determined for peats, although lower Ksat values were associated with increased decomposition of the organic sediments. We found a complex system of layers with various degrees of saturated hydraulic conductivity in the north-western part of the peatland in the Lake Czarne Gościnieckie catchment. This area is distinguished by the highest variability of particular layers of formations. Much lower permeability was observed in the sediments at the bottom of the central part of the basin where biogenic accumulation occurred. Loose and compact algal-detritus gyttjas and very well decomposed compact peats were very evident in this area. In the lake basin, organic sediments usually overlaid sediments with very low Ksat (i.e. carbonate loam) and could be considered as impermeable (Fig. 6a) . There was no evidence of carbonate loam sediments in the cores taken in the south-eastern part of the Lake Czarne Gościnieckie catchment.
The existing sediment layers in the Czarne Gościnieckie Lake catchment, distinguished by such variable hydraulic conductivity, leads to the lack of possibility of inflow to the lakes, of waters through their bottoms (Fig. 6a) . The impermeable muds developing the shores of the lake also limit groundwater flow from deeper aquifers. Water movement can, therefore, only occur in the surface layers of the catchment (as shallow groundwater flow). In the water divide zones, the water circulates in sandy formations; on peatlands, its movement is recorded in the acrotelm zone (in the nearsurface layer of the undisturbed peatland, containing living plants); and, in the current lake basins, within strongly hydrated algal-detritus gyttja.
In the Lake Brzeziczno catchment, the existence of impermeable layers disturbs groundwater discharge and affects the complexity of the water circulation process (Fig. 6b) . The highest permeability was observed in the surface formations developed within the biogenic accumulation reservoir. Such high values of the majority of peats suggest potential fast water retention by the sediments. The sands within the water divide zones, and the strongly hydrated algal-detritus gyttja in the lake, however, show lower permeability. In addition, the weakly decomposed sedge-reed peats constituting a considerable part of the peat deposit, show medium permeability. Loose sediments of algal-detritus gyttja, however, are semipermeable and have the lowest permeability of the organic sediments. The algal-detritus gyttja occurred on very permeable moss peat sediments. The deepest layers of considerable parts of the lake basin and its shores are impermeable silty muds and muddy sands. These layers do not extend continuously across the basin. Rather they are frequently interrupted with zones with higher hydraulic conductivity permitting water runoff and inflow to the lake.
Water exchange in the catchment of Lake Brzeziczno mostly occurs in its near-surface layers. Water discharge within the surrounding peatland is determined by a mosaic of sediments with varied hydraulic conductivity. The existence of hydrogeological windows in the sides of the geologic lake basin permit potentially large groundwater exchange to lakes. The movement, however, is considerably limited by thicker sediments of semi-permeable and compact gyttja.
Discussion
The hydrogeological research performed in the selected catchments showed a complicated pattern of water relations resulting from the complex geological structure. The type of geological formations in the selected catchments and the varied hydraulic gradients reveal that within the analyzed sediments, water movement is largely laminar in character (in the sense of fluid dynamics). However, in some parts of the catchment, particularly in sandy sediments, the critical groundwater flow velocity was exceeded, suggesting that turbulent or mixed type of water movement may occur.
Mineral and organic formations in both of the studied catchments were distinguished by varied lithological and hydrogeological properties. These have consequences in water circulation. The identification of types of sediments, and then their hydrogeological parameters permitted the determination of water-movement potential (particularly in zones of contact of groundwaters circulating in mineral sediments with waters filling peat massifs).
The obtained values are typical of particular formations and are in broad accordance with data presented by other researchers (i.a. Dai and Sparling 1973 , Päivänen 1973 , Zawadzki and Olszta 1977 , Kellner 2007 , Petrone et al. 2008 , Malloy 2013 , Rydelek et al. 2014 , Thompson et al. 2015 . Our determinations of saturated hydraulic conductivity were conducted for profiles in particular sediment layers separately, not generally for a whole profile. This methodology is found sporadically in the research of wetlands ecosystems but gives comprehensive information about the potential for groundwater movement in such ecosystems -in some, groundwater movement is possible, and in some, it is limited or impossible. Some of the sediments surrounding both of the lakes in their current condition constitute an evident barrier isolating the lake waters from waters moving towards the lake from the groundwater retention zone. The group of impermeable sediments in the case of the studied lakes included silty muds and muds with a small admixture of fine sand, loams, as well as carbonate loams. In the analysed catchments, the impermeable sediments usually constitute the bottom layer -below the deposited organic sediments. Impermeable sediments also occur at near surface in the catchment water-divide. The surface layer of the outermost edge of the catchments were composed of highly and very highly permeable sandy formations of variable granulometric composition. In contrast, the group of sediments that displayed high hydraulic conductivity included the majority of the analysed peats and strongly hydrated gyttjas. These sediments formed zones enabling water inflow to the lakes, albeit, some potential water movement is thought to occur through the basin sides of Lake Brzeziczno through hydrogeological windows.
We found that groundwater recharge of the studied lakes could generally occur through the upper layers of organic sediments (shallow groundwater flow), constituting deposits of peats of various types. This is because the majority of sediments filling these lake basins are impermeable or semipermeable for water inflowing to the lakes themselves. Moreover, our results reveal the need to consider surrounding wetlands in lake studies so as to better understand the inflows of groundwater. Wetlands, being areas characterized by great retention potentials, profoundly influence the relative hydrological stability of small and shallow lakes. Thus, our results indicate that water circulation in small catchments is crucial for the lake-wetland ecosystem, especially in wetlands such as those we studied in West Polesie.
The functioning of a closed lake-wetland ecosystem is greatly influenced by the hydrogeological properties of the sediments. In the case of wetland zones surrounding lakes, especially closed-drainage seepage lakes, it is very important to identify the geological settings and the hydrogeological properties of the sediments as best as possible. In these lakes, natural hydrogeological isolation of the catchment brings about a situation in which the water inputs to the lakes and surrounding wetlands almost solely depend on precipitation. Water deficits result as plants (trees and bushes) encroach into the wetland zone adjacent to lake. However, retention of abundant water reserves in those zones brings about their long-time inundation and plant decay. Understanding such ecosystems is basic for the future protection and conservation activities of unique landscapes.
Unfortunately, these valuable lake-wetland systems have experienced adverse human impacts for over the past 200 years. Coal mining and draining of wetlands for agriculture purposes, as well as tourist developments, have engendered strong degradation of these systems and brought about often irreversible changes in the environment. Such situations are exacerbated by weak and inadequate state of knowledge about the functioning of these lake-wetland systems. Pointing out the essential role of wetlands in the existence of water (especially lake) ecosystems, could limit or stop many negative actions. The authors of the paper hope that such ecologically valuable lake-wetland ecosystems will gain even greater value within our society.
